Understanding course climate is important for improving students' experiences and increasing the likelihood of their persistence in STEM fields. This study presents climate survey results from 523 students taking introductory biology at the University of Michigan. Principal component analysis revealed that a student's climate experience is comprised of five main elements: comfort, school avoidance, relationship to course, academic stress, and discomfort. Of these climate factors, comfort, school avoidance, and relationship to course were significant predictors of course satisfaction, and academic stress was a significant predictor of persistence. The results indicated the importance of a positive climate that is facilitated by the instructor in order to promote a positive student experience. Climate may be an important metric for institutions to track across time and course.
INTRODUCTION and BACKGROUND
It is becoming increasingly evident that the retention of students in science, technology, engineering, and mathematics (STEM) majors is a challenge. This issue is now a national priority, with the President's Council of Advisors on Science and Technology (PCAST) calling for an additional million graduates in STEM majors over the next decade in order to meet societal needs in related fields (32) . Currently, approximately half of the students who begin their undergraduate career with the intent of pursuing a STEM discipline ultimately leave this projected path (16) . Some have argued that the concern about attrition is exaggerated because the number of students entering STEM majors balances out those leaving (27) . However, studies have shown that while this may be true, the group of students leaving STEM is disproportionately comprised of women and underrepresented groups (13, 19) . This imbalance, along with the need for a large number of additional STEM professionals, makes retaining more students in these majors a high priority.
Many students who leave STEM majors as undergraduates do so after taking a large introductory course (36) . Enrolling in a course indicates a certain level of commitment on the part of the student, whether for a degree requirement, personal interest in the subject, or both. When students leave the STEM pipeline after taking one of these courses, it implies that they are no longer interested in the subject matter or that they find themselves unsuited to continue on a given degree track. Something is happening in these courses to cause such a shift. Many instructors have begun to restructure their courses based on extensive research pertaining to best practices for engaging students in the classroom. However, despite promising results from these efforts, many large introductory courses are still taught in a lecture-only format with a large amount of individual work. This was the impetus for a proposal from researchers and educators at the University of Michigan (U-M) to begin exploring some of these issues and addressing the teaching of introductory STEM courses at U-M. From this proposal the REBUILD (Researching Evidence Based Undergraduate Instructional and Learning Developments) project was developed with two million dollars from the National Science Foundation (24, 25, 40) .
REBUILD is a three-year project with the overarching goal of retaining more students in STEM fields through wide-scale implementation of evidence-based instruction. Teams in the core departments of biology, chemistry, mathematics, and physics are modeled after research teams and are composed of faculty, staff, postdoctoral researchers, graduate students, and undergraduates. These teams analyze student performance in core courses and progression through course sequences, and they are currently working with instructors to embed evidence-based teaching methods where they are most needed. Additionally, a committee of faculty and education researchers is spreading the message of reform by delivering presentations about evidence-based teaching in each department's colloquium series throughout the duration of the project. Part of REBUILD's mission is to understand the cues that students receive within their courses that signal them to either pursue or leave a STEM field of study. Thus, the climate survey described in this paper was developed within the context of the REBUILD project and in collaboration with members of the REBUILD team. The first author co-conducted this work as a visiting scholar in REBUILD with the second and third authors, who are Ph.D. biologists working in the capacities of project manager and post-doc respectively. The fourth author is the principal investigator in REBUILD and also participated in this work. Biology was chosen as the area of first concern because of the large numbers and diverse array of students who enroll in these course sequences.
At most universities, introductory biology is a required class for all biology majors, and it is intended to prepare a variety of students for a range of upper-level coursework. Students interested in pre-professional programs such as medical, nursing, dental, or veterinary school are required to take introductory biology, as are students interested in graduate study in fields such as bioinformatics, biomedical engineering, evolution, genetics, or molecular biology. Students considering careers in biotechnology, education, natural resource management, or environmental law also benefit from it. Because introductory biology is required before taking upper-level biology courses and has high enrollment with a wide variety of students, it is considered a gateway course (11) . Introductory biology is also considered "high-risk" because students frequently receive lower-than-expected grades or drop out of the course altogether (precluding advancement to upper-level biology courses) (25) . Although introductory biology courses vary across universities, most seek to introduce students to each subfield of biology: specifically ecology, genetics, evolution, plant science, animal science, cell biology, developmental biology, molecular biology, and microbiology. Until now, biology education literature has primarily focused on content or common syllabi in introductory biology courses (14, 23, 39) or on active learning and engaging students (2, 11, 15, 23) . However, very little work has been done to assess climate in introductory biology classrooms.
Climate has been defined as the "current attitudes, behaviors, and standards of employees and students … that concern the access for, inclusion of, and level of respect for individual and group needs, abilities, and potential" (34) . Climate has been thoroughly vetted in the higher-education literature but has only recently attracted attention within science education. Many researchers have examined how climate affects underrepresented persons in higher education (e.g., students of color) and how negative climate can impact their integration in student life, their ability to learn, and their persistence (4, 5, 28, 30, 31 37) . The construct of climate can help illuminate factors which support or deter all students' persistence in biology.
Hypothesis
The hypothesis used in the construction and analysis of this survey was Students who report positive climate experiences and are engaged with the coursework will have higher overall satisfaction and intent to persist than students who do not. This hypothesis guided the analysis and discussion.
METHODS
At the U-M, introductory biology is taught across two semesters (Biology 171 and Biology 172). Either class may be taken first, but both must be taken (along with a lab course, Biology 173) to fulfill the introductory biology requirement unless the student places out of introductory biology via Advanced Placement credit. One semester focuses on molecular, cellular, and developmental biology (Biology 172), while the other semester focuses on genetics, ecology, and evolution (Biology 171). In these contexts, both courses cover aspects of plant and animal science as well as microbiology. Combined, these courses enroll approximately 1,100 students each semester; an additional 700 students are enrolled in the introductory lab course. Many of these students progress to upper-level biology courses, and approximately 600 students in each graduating class declare one of the eight biology majors offered at U-M. In this study, Biology 171 is the sole focus.
Survey instrument
The survey instrument was designed to assess four categories of information: (1) demographics, (2) climate, (3) study habits, and (4) persistence and class satisfaction. These four categories were populated with items chosen specific to the context of Biology 171 at U-M. Items in categories (1) and (3) were created for this instrument and items in (2) and (4) were taken from the literature (1, 6, 20, 33, 35) . Area (4) was chosen as an outcome measure that might have a relationship to (1) and (2) . By investigating these four areas together, we can see how personal background and engagement in the course impact personal satisfactions and continuation in STEM. The full survey can be found in the Supplemental Materials, Appendix 1.
The survey was designed by consulting both the literature and expert instructors at U-M (1, 6, 20, 33, 35) . The first iteration of the survey included categories (1), (2) , and (4), based on the use of tested items and subscales found in the literature. Section (3) was developed after a suggestion from an instructor to assess the ubiquity of studying and use of university resources across students in the course. The second iteration was tested twice with assistance from members of the REBUILD project and past students of Biology 171. Past students were invited to take the survey in person and talk aloud about their interpretations and understanding of the questions as the study's lead author listened and took notes. Three students responded to a list-serv email asking for their in-person feedback on the survey. In exchange they were offered a pizza dinner. Following revisions from this exercise, an online version was taken by members of the REBUILD team to check for technical glitches and confusing questions. The changes from their feedback resulted in the final survey.
Survey category (1) focused on identities such as gender and race. Category (2) explored the classroom climate experiences of students by analyzing issues such as academic stress (20) , school avoidance (33) , classroom comfort (6), subject attitude (1), and instructor relations (6) . These items were taken or modified from their respective sources and were answered on a five-point Likert scale ranging from strongly disagree to strongly agree. Category (3) assessed the study habits of students as defined by their hours of studying and use of available resources such as professor office hours and the Science Learning Center (SLC) available at U-M (38). Responses were captured in binned categories of hours studied and yes or no responses to the use of particular resources. Lastly, category (4) assessed persistence, by asking students if they planned to continue in STEM studies after taking this course (35) , and course satisfaction, by asking if they would take the course again if given the option (6) . These responses were also captured with a yes or no response along with an optional open-ended free response.
Sampling
The survey was reviewed and found to be exempt from a full review by the institutional review board (IRB) at the University of Michigan. The survey was sent to a total of 584 students enrolled in two sections of Biology 171 near the end of the semester in the winter term of 2014. Students read and agreed to a consent question affirming their anonymity in data collection before taking the survey. Those students who did not consent did not take the survey. By this point in the semester, the students had taken multiple exams and had the opportunity to visit many resources on campus such as professor office hours and the SLC. The students were offered extra credit for taking the survey, but those who opted out were not penalized, and they still received the extra points. In all, 563 students took the survey, for a 96% response rate. Data in the survey were then cleaned by looking for students who provided unreliable information either by reporting taking the wrong course or marking an incorrect response to a control survey question. The control question asked participants to select the response 'disagree' in the middle of a large block of questions. This item tested for their focus and attention in taking the survey. Student responses included participants from two instructors. However, their classes covered the same content and were taught similarly. After data cleaning there were 523 usable responses (90% of those surveyed).
Analysis
Analysis of the data proceeded in three phases. Phase 1 looked at the raw responses of participants, or rather, the descriptives of the items. This section will report the descriptive results for the survey items. It will begin with demographics and proceed through the study habits, climate, persistence, and satisfaction responses. Not all items from the survey will be reported in these results, and numbers may not all add up to the full 523 respondents due to lack of response on individual questions. All analysis was done using IBM SPSS software version 21 (18) .
Phase 2 built a climate model by combining responses to items in a principal component analysis (PCA) to find underlying factors that may account for the overall climate experiences of the participants. The 20 questions that focused on climate issues were examined in this model. One question was removed due to insignificance, so the final PCA included 19 questions. Due to the interrelated nature of the questions, oblique (oblimin) rotation was used. Sampling accuracy was confirmed with a Kaiser-Meyer-Olkin (KMO) score of 0.79, and the correlations between individual questions were also confirmed through a significant Bartlett's test of sphericity, χ 2 (171) = 2798.2, p < 0.0001 (10) . Questions were included in individual factors if they had a factor loading above 0.5; this is greater than the recommended score of 0.4 to ensure strength in our factors (10) .
Phase 3 conducted a series of binary logistic regressions to understand how the PCA factors in the climate model impacted persistence and satisfaction. The factors were all reduced to continuous factor scores given to each student for each factor. This variable was regressed into the binary variables to understand how much more likely students are to leave or be satisfied for each standard deviation they are above the mean of each factor score (10). This is known as the odds ratio (OR). For example, a student who reported being more comfortable one standard deviation above the mean was 1.29 times more likely to choose to do the course over again if given the option (Table 9) .
RESULTS

Phase 1: Descriptives
Demographics. The participants in this study, and in the Biology 171 course, primarily identify as being white and women, as shown in Table 1 . Throughout the analysis, the demographics were assessed for their impacts. No differences were found between responses on any demographic items.
Study habits. Many participants reported studying six or more hours per week (40%), and the majority (79.7%) reported that they use study groups (Table 2 ). In addition to study groups, some participants sought help from the professor's office hours (24%) or used formal study resources offered by the SLC (42%) ( Table 3) .
Climate. Participants responded to many items assessing their overall climate experiences as students in Biology 171. Their responses were overwhelmingly positive (positive classroom climate and instructor relations), demonstrated an interest in the material (subject attitude), and showed a committed responsibility to attend class (low responses to school avoidance) ( Table 4) .
Persistence and satisfaction. Consistent with the climate responses, the majority of participants intended to persist in STEM studies (79%), with some being unsure (15%) and only a few wanting to leave their intended major (6%). Most participants were satisfied with the course and would have chosen to take it over again if given the option (79.7%) ( Table 5) .
Open-ended responses to the questions in Table 5 were also collected. It was found that a few participants may have misinterpreted the questions in Table 5 because they reported choosing a STEM major (N=7 of 25) or wanting to take the course over again (N=6 of 88) when they responded yes. However, open-ended responses also indicated that the majority of respondents correctly interpreted the questions. Because the majority of students in Biology 171 have not yet declared a major, some students may have been confused by the survey question "After this class I have decided to leave a STEM major." However, we expect that most students understood that this question was intended to assess their desire to remain on the path toward a STEM major, and we believe that we can cautiously use these data to understand the experiences of a subset of students who may have intended to major in STEM and then decided not to. Participant responses as to why they did not continue in STEM alluded to issues of difficult course material, poor course preparation, competition, or simply a desire to change major. Most students leaving STEM were no longer interested in pre-med studies, and/or chose to study business or art instead (Table 6) .
Participants indicated four main reasons for low course satisfaction (based upon negative responses when asked whether they would take the course again). These reasons included course material, course structure, lack of interest, and the decision to change their majors ( Table  7) . Most of the participants who were not satisfied with the course said the course structure, which included online homework, quizzes, and exams, was too demanding or confusing. They indicated that exams were not directly related to homework and quizzes, and they felt that exams put too much focus on memorization instead of concepts. Other participants had no interest in the course or found the class boring. A smaller subset of students decided to change their majors or gave a variety of answers that did not fit into these main categories. 
Phase 2: Climate model
The analysis yielded five factors, labeled by the researchers as comfort, school avoidance, subject attitude, academic stress, and discomfort. The questions that comprised each of these factors are shown in Table 8 . Together these factors accounted for nearly 60% of the variance in the overall climate model. Some correlations and factors were negative due to question wording (e.g., strongly agree to being harassed vs. strongly agree for being comfortable). The negative signs in these questions only reference the phrasing of the questions and have no mathematical value. To simplify interpretation of results, we report absolute values for correlation coefficients. These data are shown in Table 8 .
Phase 3: Regression analysis
Persistence and satisfaction. Binary logistic regression was used to understand the relationship between factors and course satisfaction. Three of the five factors were found to have significant relationships. Students who were more comfortable (OR = 1.29), avoided school less (OR = 1.29), and had a stronger subject attitude (OR = 2.31) were all significantly (p < 0.05) more likely to do the class over again if given the option (Table 9) . Academic stress and discomfort were not significant factors in course satisfaction. However, the second regressions showed that academic stress was the only significant (p < 0.05) factor to impact persistence, or choice to continue into a STEM major (OR = 1.58; Table 10 ). 
DISCUSSION
The hypothesis guiding this work was supported by the results. Students who were more engaged, as measured by their school avoidance, and more comfortable, as measured by climate, were significantly more likely to persist and be satisfied with the course. Five factors account for nearly 60% of the variability in the climate model presented in this paper: comfort (24%), school avoidance (11%), relationship to course (9%), academic stress (8%), and discomfort (2%). It is clear that comfort is the dominant factor, accounting for nearly a quarter of the climate model. Comfort was comprised of questions that assessed instructor relations and classroom feelings of comfort. The dominance of this factor suggests the importance of the rapport an instructor builds with the class. In other work, cooperative environments have proved significant in increasing classroom cohesion (12) , and this may be the case in this class as well. Even in a course of well over 500 people, student perception of climate was overall positive. The instructor is important in overseeing the development of a positive classroom climate.
Juxtaposed with the strength of the comfort factor was the weakness of the discomfort factor. Discomfort examined students' feelings of being ignored and left out, but only comprised a fraction of the overall model. This finding suggests that fostering a positive classroom climate may be more powerful in regard to the student experience than actively trying to avoid a negative climate (29) .
The other three factors probed engagement (school avoidance), interest in material (relationship to course), and stress within the course. Independently, the impact of each factor is small, but combined, these factors may have a swaying effect on a student's overall climate experience. Engagement and interest are often considered characteristics of individual students. However, it is possible that instructors can impact these factors. An instructor can enhance student engagement by connecting course material to students' lives. Instructors of introductory biology may choose from an almost endless array of material to make these critical connections.
The impact of interest (relationship to course) was not surprising, considering studies within other fields have shown that interest predicts future success of graduate students as measured by first author publications and funding (17) . Earlier work has also demonstrated this phenomenon through longitudinal studies looking at the impacts of personal values on college major and career choice (7) (8) (9) . Interestingly, this factor also emerged as the strongest predictor of course satisfaction, showing that students who were interested (strong course relationship) were over two times more likely to be satisfied with the course than those who were not interested. The only other factors to promote course satisfaction significantly were comfort and school avoidance. Students who were more comfortable and engaged were 1.4 times more likely to be satisfied with the course. The classroom atmosphere and the instructor's ability to tie the material to students' lives appeared to be critical to student satisfaction. Contrasting these findings was the factors' impact on not continuing in STEM courses. The only significant factor found to impact leaving STEM was academic stress. Students who reported high academic stress were 1.6 times more likely to consider leaving. The cause of the stress cannot be determined by these data, but this study has shown that academic stress has significant implications for persistence.
Our results carry several implications that may be of use to instructors across disciplines. The first is that fostering a positive classroom climate leads to increased student engagement, thereby promoting student success. It has been shown in prior studies that, when they think that their instructor is approachable, students are more open and productive in class (26, 41) . The literature has also demonstrated that instructors who challenge their students at an appropriate level and expect quality work have more engaged students (3, 22, 41) . However, these are moot points if an instructor challenges the class but fails to establish a positive rapport with students. It has been shown that first-year students who perceive their instructors to be supportive are more likely to improve academically than those who do not (37, 41) . This point is especially important in the context of large introductory courses like Biology 171, which attract a large number of first-year students. It is easy for students in these courses to become "lost," but an attentive instructor can promote an environment that engages students, challenges them, and sets them on a path for academic success. An engaged instructor may be one way to mitigate student academic stress, which was shown in this study to negatively impact persistence. Students in this study reported participating in learning communities outside the constraints of class time.
Factor Loadings
Comfort
School Avoidance
Relationship to Course
Academic Stress
Discomfort
One example of such a learning community is U-M's Science Learning Center. Research has supported the idea that institutions like this are important for promoting student success (41) . However, these resources are only beneficial to those students who are willing to utilize them. Again, the instructor plays a pivotal role in establishing a course climate that encourages students to pursue these learning communities. Furthermore, instructors can advertise such services within the class itself in order to encourage more students to seek the academic assistance that they might need. This may become a positive feedback loop in that students who participate in learning communities are more likely to deeply engage with their peers and undergraduate institution (21, 41) , which in turn promotes engagement in class. A thoughtful instructor may set students on this path.
A last point highlighted in this study is the importance of evidence-based reform in terms of both classroom and institution. As shown by Kuh et al. (22) and highlighted by Zepke and Leach (41) , the institutions that most successfully engage students are open to changing their methods based on research outcomes. Instructors may take this approach with their own classes. Instructors who ignore the climate in their classroom may suppress student engagement or, worse, inadvertently alienate students through words and actions. Regularly surveying student attitudes toward the class allows an instructor to adjust teaching methods as needed. This in turn increases the likelihood that students will seek assistance when needed and thereby perform more successfully in the course. Evidence-based instruction is the foundation of the REBUILD project, and we expect it to become more widely adopted as the backgrounds and needs of undergraduate students change over time.
This article is one of the first efforts to track the climate experiences of students in a STEM classroom. By focusing on introductory biology, a broad spectrum of STEM students has been assessed in a large STEM class at the University of Michigan. The results demonstrated that climate is important and is primarily comprised of the classroom atmosphere and the level of student engagement in this course. Climate monitoring could be one important area to assess when institutions collect data about their students (i.e., grades). Such climate data could be tracked over time and various courses to better understand what environmental factors are impacting students and how they can be improved.
Future research is needed to continue to pursue the aims of this paper by studying students' climate experiences in detail through broader-reaching surveys, student interviews, and focus groups that may help to contextualize findings. It may be particularly interesting to look at the issues of student engagement and to measure their correlation with intrinsic student characteristics or instructor facilitation. It is important to parse out the exact impact an instructor can have and how this can be emulated in other classrooms. The ultimate goal of this work is to increase positive student experiences in the classroom to aid in learning and to increase interest. This newly-created climate may be one that facilitates student persistence and helps more students succeed in an important field.
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